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Introduction
In RAN2#108, made the following agreements on RLM/RLF at the RX UE side.
· RAN2 will not introduce SL RLM/RLF from RX UE. 

Also at RAN2#108, RAN2 received an LS from RAN1 with the following agreements [1]: 
	Agreements:
For sidelink RLM/RLF at Tx UE, the usage of HARQ feedback status is feasible from RAN1 perspective when sidelink HARQ is enabled
· There is no IS/OOS indication to upper layer from physical layer for sidelink RLM at Tx UE
· It is RAN1 understanding that HARQ feedback status (i.e., ACK, NACK) is available in upper layer without additional RLM indication from physical layer
· DTX is reported to upper layer for sidelink RLM if RAN2 agree to use it
· This doesn’t require RAN1 specification impact



Based on this reply LS (and due to lack of time to discuss further at the meeting), RAN2 agreed to the following email discussion:  
[108#99][V2X] HARQ based TX side RLM/RLF (Interdigital)
To discuss if HARQ feedback (HARQ A/N and/or HARQ DTX) based TX-side RLF/RLF is required and if so, how to support in RAN2 specification
	Intended outcome: Report and TP for next meeting
	Deadline:  2020-01-30

To progress on the objective of this email discussion, section 2.1 solicits company input on the usage of HARQ feedback for TX-side link maintenance, and section 2.2 and 2.3 determines how it can be supported in RAN2 specifications.

[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
[bookmark: _Ref30000611]Link Maintenance at the TX UE and RX UE
Once a UE establishes a PC5-S connection, a mechanism is needed to determine whether/when this connection should be released (e.g. the two UEs have moved too far apart to maintain reliable communication, or blocking is being experienced).  
Due to the lack of support of RLM/RLF by RAN1/RAN2 at the RX UE, SA2 has recently agreed to introduce the keep-alive signalling at V2X layer to determine if a particular unicast link is still valid .  This procedure is shown below[14] :
---------------------------------------------------------------------------------------------------------------------------------------------
The PC5 Signalling Protocol shall support keep-alive functionality that is used to detect if a particular PC5 unicast link is still valid. Either side of the PC5 unicast link can initiate the layer-2 link maintenance procedure (i.e. keep-alive procedure), based on for example triggers from the AS layer or internal timers. The UEs shall minimize the the keep-alive signalling, e.g. cancel the procedure if data are successfully received over the PC5 unicast link. 


Figure 6.3.3.x-1: Layer-2 link maintenance procedure
0.	UE-1 and UE-2 have a unicast link established as described in clause 6.3.3.1.
1.	Based on trigger conditions, UE-1 sends a Keep-alive message to UE-2 in order to determine the status of the PC5 unicast link.
NOTE 1:	It is left to Stage 3 to determine the exact triggers for the keep-alive messages. For example, the trigger can be based on a timer associated with the Layer-2 link. The timer can be reset with a successful reception event defined by TS 38.300 [11]. 
2.	Upon reception of the Keep-alive message, UE-2 responds with a Keep-alive Ack message.
The UE initiating the keep-alive procedure shall determine the follow up actions based on the result of the signalling, e.g. proceed with implicit layer-2 link release.
NOTE 2:	It is left to Stage 3 to determine the follow up actions. For example, a successful reception event can also cancel the layer-2 link release if received in time. 
---------------------------------------------------------------------------------------------------------------------------------------------

As described in the LS to RAN2 [5], the keep alive procedure has been introduced to handle the lack of RLM/RLF at the RX UE side.  In this procedure, an RX UE triggers a keep alive message transmission and waits for a keep alive ACK.  In the absence of reception of such an ACK, or in the absence of other possible triggers from the AS layer (e.g. a successful reception event, as indicated in NOTE1 of the procedure), the RX UE can trigger release of the unicast link.  SA2 has also indicated that the UE should minimize the amount of keep alive signalling (e.g. by cancelling the procedure or resetting the upper layer timer based on a successful reception event).  RAN2 should therefore agree on how to define such a “successful reception event”, and whether such event is defined for each reception or by at least one successful reception over a period of time. 
Question 1: When should AS layer provide indication to upper layers to control triggering/cancellation of the keep alive procedure at the RX UE? 
· A) UE informs upper layers each time it receives an SCI addressed to the unicast link
· B) UE informs upper layers each time it successfully decodes a TB associated to a sidelink process of the unicast link  
· C) UE informs upper layers each time it delivers a decoded MAC PDU to the RLC layer 
· D) UE can periodically inform upper layers whether/when at least one SCI reception for the unicast link was received over the period
· E) UE can periodically inform upper layers whether/when at least one TB associated to a sidelink process of the unicast link is successfully decoded over the period
· F) UE can periodically infom upper layers whether/when at least one decoded MAC PDU for the unicast link is delivered to upper layers over the period
· G) Implicitly, when the UE provides a V2X packet received to upper layers
· H) Left to UE implementation.
· HI) Other
· J To be discussed with CT1
	Company
	Response
	Comments

	OPPO
	B
	We think no timer is needed for such report in AS layer considering there is already a timer in upper layer. The intention of the procedure is to make sure radio link is reliable or not, hence successful decoding in MAC layer is sufficient. The received MAC PDU could be only MAC CE hence deliver a protocol layer upper than MAC layer is not necessary condition.

	CATT
	G
	We think there is no need to define any specific procedure in AS layer spec for keep alive procedure. CT1 will define the operation details of the keep-alive signalling procedures, which is also mentioned in the LS S2-2000973.

	Ericsson
	H
	In our view, keep-alive message should be sent if nothing has been received from the peer UE for a while. In other word, if the UE can receive anything (including CSI, TB, HARQ feedback etc.) from the peer UE, keep-alive message should not be triggered. 
Besdies, we believe how to indicate such event to upper layer is purely UE implementation, there is no need to specify. 
Note that in LTE, TS 24.334 only defines the triggers for keep-alive message without speficying how it is indicated by lower layers. For this reason, we think the same principle should be applied to NR.

	Futurewei
	D
	Our understanding of Note 1 is that the first sentence indicates there would be a timer at V2X layer to trigger keep-alive procedure, and the second sentence indicates this timer at V2X layer is reset by AS events. Hence, AS events should be defined to make V2X layer keep-alive procedure work. Without clear definition of AS events to reset the keep-alive timer at V2X layer, there’d be no consistent operation of keep-alive procedure, and the feature is not testable and thus untrustable to handle the RLF problem.
It’d be over-complicated to report every reception at AS layers (A, B, C).
G) should already be available at V2X layer, which doesn’t need AS layer definition, as requested by Note 1.
The validity of the layer-2 link should not exclude proper PHY layer operation, e.g., SCI triggered CSI reporting.

	Qualcomm
	I
	As noted by CATT, S2-2000973 indicates CT1 will define keep-alive operation details.  As such, we do not see a need to define an additional AS-layer trigger for the keep-alive message. 
With respect to reducing the number of keep-alive messages, optimizations to cancel transmission of a keep-alive message may be based on Rx UE determination of successful packet receipt.  

	LG
	B 
	UE MAC entity should further check the SRC/DST fields of the MAC header in the MAC PDU and then indicate ‘successful reception’ to upper layer.

	Huawei
	I
	In D2D, only keep-alive message which is defined by CT1 is used to judge whether the link is still valid or not. Regarding to NR V2X, as noted by CATT, CT1 will define keep-alive operation details, so there is no need to define any other procedure in AS layer for keep alive procedure.

	Nokia
	G or H
	Our aim is to minimize the interactions between the upper layer and AS layer. Thus, in many cases such indication could be limited to the situations when there was no successful reception over SL (as argued by Ericsson, any sort of reception could matter, SCI or CQI, etc.). This may save on signaling between the layers. Another possible way is to follow the implicit way (option G).

	Intel
	H
	Since keep alive signaling mechanism is already agreed to be supported, the only interaction with the AS layer is some indication to the upper layer to trigger it. So, there seems no need to define some timer based procedure at the AS layer in addition to the upper layer (i.e. D, E and F). Then, how to specify the exact indication does not seem essential to us and so, we think it can be left to the UE internal implementation. 

	Interdigital
	B or D
	We think either B or D are acceptable approaches where D can be used to reduce the interlayer signaling as mentioned by Futurewei.  We don’t think UE implementation addresses the goal of SA2 to minimize the overhead of keep alive signaling, and is not inline with our understanding of Note 1, where it indicates clearly that some definition in RAN2 specifications is needed for what a successful indication consists of. 

	Convida Wireless
	G and I
	In our view, option G would prevent unnecessary cross layer signaling to inform the upper layers to cancel the keep alive procedure at the RX UE. 
In addition, we believe that an AS mechanism may be used to compliment the keep alive mechanism. For example, the AS layer may provide an indication to trigger starting the Layer-2 link maintenance procedure (for example based on RLC or HARQ, as described in Question 3 and 4). Or, the AS layer may provide an indication of an RLF to the upper layer, which would avoid the need for a Layer-2 link maintenance procedure altogether. The type of the AS layer indication may be further discussed in RAN2.

	MediaTek
	I
	We share same view with CATT. There is no need to define AS-layer signaling for keep-alive message (unless requested by CT1).

	Apple
	J
	The question only asks for the input for “successful reception event” , but I think negative indications are equally helpful, as Nokia pointed out. Both positive (e.g, successful reception event) and negative (e.g, physical layer problems) AS layer indiactions to upper layers are needed to V2X layers to trigger/cancel the keep-alive procedure, but this has to be determined jointly by both RAN2 and CT1.

	ZTE
	I
	We see no necessity to define the AS layer trigger for keep alive message.

	Lenovo & Motorola Mobility
	I/ H
	We share the majority view that it is not necessary to define AS layer procedure for keep alive message that are already handled in NAS layer.



Summary of Question 1:
Of the 15 companies that responded to the questions:
· 7 companies supported option G or I – indication provided implicitly when packet is given to upper layers, or no AS layer signaling (CATT, Huawei, Nokia, Convida Wireless, Mediatek, ZTE, Lenovo & Motorola Mobility)
· 4 companies supported option B – indication provided by the MAC layer of successful packet reception (OPPO, Qualcomm, LG, Interdigital)
· 3 companies support leaving the indication upto UE implementation (Ericsson, Nokia, Intel)
· 2 companies supported option D – periodic indications based on SCI reception (Futurewei, Interdigital)
· 1 company supported option J – thinks indications are needed but should be discussed with CT1
(Note: Comment in response from Qualcomm was interpreted such that they support B to reduce the number of keep alive messages, but not to trigger the start of the keep alive message.)

There seems to be a slight majority to not introduce any AS layer indication at this point, and leave the detailed implementation work to CT1.  If CT1 thinks an explicit indication is necessary, RAN2 can then include a note leaving such indication upto UE implementation, as suggested by a number of companies.  Rapporteur therefore suggests the following proposals:

Proposal 1: RAN2 does not introduce any explicit indication to upper layers to reset the upper layer keep-alive timer.



Question 2: What information (if any) should be provided to upper layers with the indication mentioned in Q1? 
	Company
	Response
	Comments

	OPPO
	Nothing
	The indication from AS layer itself is sufficient 

	CATT
	Nothing
	See comments in Q1.

	Ericsson
	No need to specify
	In our view, it is purely UE implementation, there is no need to specify. 

	Futurewei
	No need to specify
	No inter-operability issue, as it is an indication within a UE.

	Qualcomm
	Nothing
	See answer to Q1

	LG
	
	At least, PC5 Link Identifier should be indicated to upper layer to distinguish the PC5 unicast link among multiple PC5 unicast links if the UE have multiple PC5 unicast links.

	Huawei
	Nothing
	No need to define AS-layer trigger for the keep alive message.

	Nokia
	Nothing
	Especially if Option G is chosen in Q1.

	Intel
	Nothing to specify
	

	Interdigital
	Nothing
	

	Convida Wireless
	See Comments
	In line with our response from Q1, we believe the AS-layer indication should include at least a PC5 link identifier (as mentioned by LG), as well as a start indication to inform the upper layers to trigger start of the Layer-2 link maintenance procedure  

	MediaTek
	Nothing
	See comments in Q1.

	Apple
	See comments
	We think this has to be based on CT1 request for the start/stop conditons of keep-alive procedure, and what AS layer indications can be decided later. 

	ZTE
	Nothing
	

	Lenovo & Motorola Mobility
	Nothing
	




Summary of Question 2:
Given the conclusion in question 1, rapporteur believes this question is no longer relevant.


At the TX UE, relying entirely on the keep alive procedure to detect unicast link failure may still have issues because of the lack of reception of data that can be used as a trigger to reset the timer.  Although stage 3 details of the keep alive procedure are still to be discussed by SA2, a keep alive procedure at the TX UE that cannot rely on indications from the AS layer for resetting the timer will look entirely like the keep alive procedure in ProSe (shown in the appendix).  In the ProSe procedure, T4102, and the number of retries before link release is triggered, is upto UE implementation.
Because keep alive transmissions are introduce signalling overhead, they are expected to be sparse.  A TX UE relying entirely on keep alive procedure may therefore have the following issues:   
1) While waiting for keep alive message to be (re)transmitted and/or response to be received, the TX UE may waste sidelink TX resources even though the link is inadequate/failed. 
2) While waiting for keep alive message to be (re)transmitted and/or response to be received, the UE cannot take corrective actions at upper layers to avoid loss/delay of its data transmission (e.g. switch traffic to Uu, inform the application layer). 
3) Without an AS-layer mechanism to control the keep alive procedure, the network cannot control the usage of its sidelink resources needed for link maintenance
Although keep alive transmissions could in theory be made more frequent to reduce resource usage and increase responsiveness, this contradicts SA2 requirement that the UE minimizes the keep alive signalling.    
Sidelink RLF (at least based on maximum number of RLC retransmissions) is supported in NR V2X at the TX UE.  When the TX UE detects a maximum number of RLC retransmissions is reached, the UE informs upper layers which will release the unicast link, regardless of the status of the keep alive procedure.  This minimizes resource usage and delay during link failure scenarios, since RLC status can operate on a shorter time scale than upper layer keep alive.  
Question 3: Which of the following issues of keep alive procedure are avoided with a TX based SL RLF based on maximum number of RLC retransmissions? 
· A) avoids unnecessary data transmissions by the UE when a unicast link is failed
· B) avoids large latency to perform upper layer actions by the UE when a unicast link fails (e.g. switch an application to use Uu, inform the application layer of a released unicast link)  
· C) avoids overhead associated with keep alive signal transmission (to be minimized as per SA2 requirements) 
· D) avoids lack of network control of the unicast link failure detection mechanism 
	Company
	Response
	Comments

	OPPO
	A,B
	Well scheme based on RLC retransmission number can’t help to reduce keep alive signal transmission because RX UE doesn’t know what happens in TX side and therefore it will run its own scheme as usual.

	CATT
	A,B,C
	TX based RLC retransmissions mechanism can at least reduce keep alive message transmission at TX perspective.

	Ericsson
	A) B) C) D) with comment
	Keep-alive message procedure is basically for RX UE to actively release the link via checking if TX UE is still “alive”. RLC failure criteria is for TX UE to actively release the link. 
In our view, they are designed to handle different cases, thus it’s not fair to compare them directly. 
On top of this, the reason on why we may use HARQ feedbacks as a possible RLM solution is ONLY for the case of RLC UM, where RLC retranmissions cannot be used. Nevertheless, if keep alive messages are already supported, this means that no other solutions may be needed,

	Futurewei
	A, B, C, D
	Keep-alive procedure is mainly for RX UE. RLF detection based on maximum number of RLC retransmissions is for TX UE.

	Qualcomm
	A) B) C) D) with note
	We tend to agree with the view expressed by Ericsson, that introduction of a keep-alive procedure suggests no additional solutions are required.  

	LG
	A, B, C
	We also think that Keep-alive procedure is mainly for RX UE. When RLC AM is configured, TX based SL RLF is useful for TX UE.

	Huawei
	A, B
	Keep alive mechanism should be independent with AS layer based RLF. 
Given that the period of keep-alive message is very large, AS layer RLF can be considered as complementary, with the help of AS layer RLF, the link can be released timely, unnecessary data transmissions can be avoided, and the upper layer can perform the interface selection timely.

	Nokia
	
	Agree with the preceding comments, all could apply, but hard to make such judgement, as keep-alive is designed for Rx side and here the question concerns the benefits for the Tx UE, thanks to the existence of max number of RLC reTx. 

	Intel
	See comment
	We do not fully understand the intent of the question, i.e. whether the intention is to somehow compare the upper layer keep alive signaling with TX UE SL RLF based on max number of retransmissions or to say that these benefits cannot be realized in case of RLC UM without the need for HARQ based RLM/RLF instead?
In any case, there are certainly benefits of using TX UE RLF based on maximum number of RLC retransmissions, but it cannot be considered a replacement of the upper layer keep alive signaling due to the different roles they play within the lifetime of a sidelink connection. In addition, use of HARQ feedback in case of RLC UM does not necessarily mean that they are comparable in terms of the benefits (A-D) since we have to consider the associated complexities and other facets of these mechanisms holistically.

	Interdigital
	A), B), C), D)
	(?) We think keep alive procedure was introduced by SA2 for the RX UE perspective – as stated in the LS.  If the procedure is used at the TX side as well, it has some limitations that can be addressed by RLF. 

	Convida Wireless
	A, B, C, D
	We agree that the keep-alive procedure is mainly for RX UE, and RLF detection based on maximum number of RLC retransmissions is for TX UE. We also agree that the TX based SL RLF based on maximum number of RLC retransmissions helps to alleviate issues A,B,C, & D

	MediaTek
	A,B,C,D
	We agree that keep-alive message is mainly for Rx UE, while RLF detection by the maximum number of RLC retransmission is for TX UE. And, we share same view with CATT that RLC retansmision based method could at least reduce the transmission of keep-alive message. 

	Apple
	A,B,C,D
	Based on RLC Re-Tx ailures, the link can be released directly without triggering keep-alive procedures.

	ZTE
	A,B,C,D
	

	Lenovo & Motorola Mobility
	A,B,C,D
	Our understanding is that keep alive procedure can be used for either Tx or Rx side of unicast link, as stated in Figure 6.3.3.x-1. But we also think Tx side SL RLF based on RLC max txs number can make keep alive procedure more efficiently, and avoid issues in A,B,C,D. For Tx side, pursue the requirement of minimizing keep alive signaling, the timer of keep alive message is expected to be relative longer. AS layer procedure will response for radio link problem more actively, and reduce the resource waste because of the relative longer timer of keep alive message




Summary of Question 3: 
Of the 15 companies that responded:
· Majority (11) of companies (OPPO, CATT, Ericsson, Futurewei, Qualcomm, LG, Huawei, Interdigital, Convida Wireless, Mediatek, Apple, ZTE, Lenovo & Motorola Mobility) responded that TX-based SL RLF can:
· (A) Avoid unnecessary data transmission when the unicast link is failed
· (B) Avoid large latency to perform upper layer actions by the UE when the unicast link fails 
· Also a majority (11) of companies thought that TX-based SL RLF further reduces keep alive transmission overhead at the TX UE.
· Most company comments allude more to the aspects of the following questions.  However, in these comments, there seems to be a common understanding (Ericsson, Futurewei, LG, Nokia, Interdigital, Convida Wireless, Mediatek) that the keep alive procedure was designed mainly for the RX UE.
Based on responses and company comments, rapporteur thinks at least a common RAN2 understanding can be captured with the following observations:
Observation 1a) RAN2 understanding is that keep alive procedure was designed mainly for the RX UE, but can be used also at the TX UE.
Observation 1b) RAN2 understanding is that TX-based RLF can coexist with keep alive signalling at the TX UE, and has benefits to AS layer and upper layers.
Observation 1c) It is possible to rely on keep alive signaling to perform link maintenance at the TX UE.  However, HARQ-based RLF can be used to:
· Avoid unnecessary sidelink transmissions by the TX UE when the unicast link is failed
· Avoid large latency at the TX UE to perform upper layer actions by the UE when a unicast link fails (e.g. switch an application to use Uu, inform application layer of a released unicast link)
· Reduces overhead associated with keep alive transmission at the TX UE




RLF based on maximum number of RLC retransmissions is limited to PC5-RRC connections where the SLRB(s) are configured with RLC AM.  This mechanism cannot be used in the case of RLC UM to address each of the issues in Q3.  
To address the RLC UM case, HARQ feedback can instead be used.  Specifically, the UE TX UE can use HARQ feedback (or the absence of HARQ feedback) to know the status of a unicast link.  
HARQ feedback can be used as long as HARQ is enabled for the unicast link. Based on latest RAN1/RAN2 agreements, the network can control whether HARQ feedback is enabled/disabled both per pool (by configuring PSFCH resources for the TX pool) and per SLRB [6]: 
· For unicast/groupcast, the network shall configure the HARQ enable/disable to Tx-UE:
- For RRC_CONNECTED UEs: the gNB configure via RRC message.
- For RRC_Idle/RRC_Inactive Ues: the gNB configure via SIB.
- For OOC Ues: via pre-configure.
· RAN2 to support SL HARQ feedback enable/disable configures in SLRB level:
- For both mode1&mode2 Ues: SLRB level in RRC message.
- For Idle/Inactive/OOC Ues: SLRB level in SIB/pre-configuration message.

	periodPSFCHresource
	Period of PSFCH resource in the unit of slots within this resource pool. If set to 0, no resource for PSFCH, and HARQ feedback for all transmissions in the resource pool is disabled.



Use of HARQ feedback is limited only to cases where the NW configured the UE’s TX pool with PSFCH resources and configures HARQ for at least one of its RLC UM SLRB(s).  However, RLC UM with HARQ feedback enabled may be a common configuration for certain use cases requiring high reliability and low latency, and such configuration may occur quite often.       
Question 4: Do you agree that HARQ feedback at the TX UE can be used to achieve benefits in Q3 for the case where the unicast link has at least one SLRB(s) configured with HARQ feedback enabled? 
	Company
	Response
	Comments

	OPPO
	No
	First of all, the benefit in Q3 is because of RLC scheme, but it doesn’t imply any scheme in TX side is beneficial.
Then for the question itself, If the SLRB’s RLC mode is AM mode, then it is not so helpful because RLC layer scheme will be anyway there. Note for unicast at least SRB will be configured with AM mode i.e. there is no such case that only UM mode SLRB is configured.If it is UM mode, it doesn’t help RX UE because decrement of the keep alive signaling in upper layer can rely on successfully decoded MAC PDU already. For TX UE,it could be helpful to detect the link problem faster compared to RLC layer. Plus if HARQ is disabled then it doesn’t work at all.
So overall we think the benefit is limited and no function is broken without such solution. Considering next RAN2 meeting is last meeting to conclude all stage3 issues, we think RAN2 should not pursue this in Rel-16.
We think HARQ-based scheme will results in false alarm due to PSFCH collision or priority issue in PHY layer.  The consequence of false alarm is that PC5 link maybe teared down even when link is normal.

	CATT
	Yes
	Agree with Rapporteur’s view. From Tx UE perspective, if Tx UE cannot support RLM/RLF detection mechanism, it will continue to occupy the SL resource to transmit signalling when the unicast link already has some problem. Even V2X layer have the keep alive message, there are still the issues mentioned by Q3 especially for the RLC UM mode, if we only have the SL RLF mechanism based on RLC retransmission. One possible solution is based on HARQ feedback for RLF mechanism, since Tx UE can explicitly know the timing when receiving the HARQ feedback.

	Ericsson
	No with comments
	For RLC UM with HARQ feedback enabled, we understand the intention to use HARQ feedback as another mechanism for TX UE to actively release the link since RLC feedback is missing. However, it is unclear how to make use of it considering the facts:
· Failed transmission of one TB does not mean a failed link
· The implication of consecutive NACK feedbacks from all transmitted TBs highly depends on the current traffic, e.g. 100 failed TB transmissions in 100 ms or 10 failed TB transmissions in 100 ms 
· HARQ feedback is not associated with any SLRB
On top of this, the reason on why we may use HARQ feedbacks as a possible RLM solution is ONLY for the case of RLC UM, where RLC retransmissions cannot be used. Nevertheless, if keep alive messages are already supported, this means that no other solutions may be needed,

	Futurewei
	Yes
	It enables AS layer control of the unicast link failure detection, especially for low latency high reliability services.

	Qualcomm
	No
	Agree with Ericsson and OPPO

	LG
	Yes
	HARQ feedback based SL RLM can more quickly detect the SL RLF than RLC retransmission mechanism. For example, if a PC5 release message expriences RLF and TX UE only relies on RLC failure, it would take some time until TX UE finally detect SL RLF of the release message, especially since keep-alive procedure does not operate during this release procedure.
We assume that if HARQ feedback based SL RLM is used, the mechanism could be independent from the amount of traffic.

	Huawei
	Yes
	In Uu, both IS/OOS and maximum number of RLC retransmission are  considered as triggers of RLF, maximum number of RLC retransmission is performed in RLC layer while IS/OOS is performed in PHY layer.
For NR V2X, only the RLC based RLF is supported now, but it is only used for RLC AM, therefore, some PHY based RLF mechanisms are needed to enable AS layer control of the sidelink detection applicable for more cases. Therefore, HARQ based RLF should be supported, moreover, as pointed by LG, HARQ based RLF can more quickly detect the SL RLF.

	Nokia
	Yes
	We agree it is useful for RLC UM. On the other hand, we share some other comments regarding the very late stage of the WI and perhaps without such mechanism, SL unicast is still sufficiently reliable and operational.

	Intel
	No
	We fully agree with the views from Oppo and Ericsson in that keep alive signaling should be sufficient for supporting RLC UM use case, even when HARQ feedback is enabled. Furthermore, as pointed out above, the lack of clear benefits of using such a scheme on top of keep alive signaling as well as the lack of time remaining for this WI should dictate that no new solutions are required for this release.

	Interdigital
	Yes
	Use of the keep alive signaling at the TX UE has issues of resources usage/waste when a unicast link is not usable.  While waiting for the keep alive procedure to be triggered, ongoing transmissions at the TX UE may waste resources unnecessarily.  HARQ-based RLF can avoid this both for RLC UM and RLC AM (since HARQ-based RLF will be triggered faster than RLC-based). 

	Convida Wireless
	Yes
	We agree that HARQ feedback based SL RLM is useful. 
· The mechanism would be much quicker than the keep alive mechanism.
· The mechanism would be applicable to RLC-UM traffic (as well as RLC-AM traffic).
· The mechanism can be enabled with HARQ feedback. If HARQ feedback is enabled, the traffic is likely to have a reliability requirement. For this traffic, it may be useful to know as quickly as possible, when the PC5 unicast link is invalid.

	MediaTek
	Yes
	We think HARQ feedback based SL RLM is useful - as already addressed by companies, it can be used for RLC UM and can provide faster RLF detection than keep-alive message.

	Apple
	No
	We believe the HARQ based RLM can provide some signs of the link quality, but it is not reliable enough to trigger RLF. For example, the RX UE may not be able to transmit PSFCH due to its engagement with a high-priority transmission, or due to half-duplex. So, it is not proper to use DTX to trigger RLF. So, HARQ failures cannot be used to achieve the benefits listed in Q3. 

	ZTE
	Yes
	When no RLC AM SLRB is configured, Tx UE can only detect the link quality via the HARQ-NACK. So we think it might be useful to consider HARQ-NACK for the RLF detection. 

	Lenovo & Motorola Mobility
	Yes
	Many companies including those who replied with “No” have also indicated that HARQ feedback based RLM is (or can be) useful for RLC UM mode. Assuming it is useful for RLC UM, this can be adopted for AM as well and then we will have one uniform solution across UE.
Now, companies are right in pointing out that the sheer counting of number of “missed” or “received” HARQ feedback may not suffice and therefore one may generally need to decide how long the link has been down. But it is certainly do-able and in RAN2 means.



There are at least two ways to minimize keep alive signalling and achieve the benefits in Q3 using HARQ feedback.  One way would be to use HARQ feedback (or the absence of HARQ feedback) to generate an RLF condition at the AS layer and inform upper layers to cancel the keep alive procedure and release the unicast link.  This method would be consistent with RLF triggering by RLC layer which is already performed by the TX UE.  A second option would be to inform upper layers of the successful reception of HARQ feedback to reset the keep alive timer.  This method would be similar to what the RX UE does to inform upper layers upon data reception (as discussed in Q1), but instead implemented at the TX UE.  
Question 5: If the answer to Q4 is yes, which mechanism do you prefer to reduce signaling overhead associated with keep alive signaling at the TX UE, and address issues in Q3?
A) AS layer can trigger RLF based on HARQ feedback reception/absence 
B) AS layer informs upper layers of the reception of HARQ feedback associated with a unicast link
C) None, rely on the keep alive message solution.
	Company
	Response
	Comments

	OPPO
	
	Not sure this is a valid question. What is the reason for TX UE to trigger keep alive signaling?

	CATT
	A
	We prefer option A, which is align with SL RLF mechanism based on RLC retransmission. When RLF declares, we can use the same RLF indication to indicate upper layer which we already agreed.
For option B, we think it’s not actually accurate. For example, if the sidelink physical channel quality decreases, the Tx UE may receive both DTX (i.e., the absence of HARQ feedback) and NACK. The number of DTX may be larger then the number of NACK. In this case, if we use option B, seems the unicast link is still alive. However, the link actually needs to be released to avoid the issues mentioned in Q3. Thus, option A is preferred.

	Ericsson
	C)
	Even though HARQ feedback based RLF has the potential to optimize the RLC UM with HARQ enabled scenario, we still doubt how pragmatic it is in reality that a unicast link has both RLC AM SLRB (at least for PC5-RRC/PC5-S) and RLC UM SLRB. In particular, at PHY/MAC layer a UE cannot distingsuigh if the HARQ feedback is for RLC AM or UM SLRB. RLF based on HARQ feedback might conflict with RLF based on RLC failure. Besides, as commented in Q4, it is unclear how to make use of HARQ feedback to serve the purpose. 
In short, specifying HARQ feedback based RLF will need quite some specification effort, but might not be pragmatic in reality or only solve a corner case. 
Further, since keep alive message will be already specified, we prefer to not have any optimization at this stage since the use of HARQ-based RLF solution it seems not necessary.

	Futurewei
	A)
	HARQ feedback can be used at AS layer for TX UE to detect the failure of SL connection. It is complimentary to RLC failure detection, especially when RLC feedback is not present for UM SLRB, e.g., to carry low latency high reliability traffic.
Though SL SRB is configured with RLC AM mode, its transmission may be sporadic and intermittent. It is not reliable, nor timely to rely on RLC feedback of SL SRB to detect SL failure.

	Qualcomm
	C)
	See answer to Q4

	LG
	A or B
	Both A and B could work well with HARQ based SL RLM.

	Huawei
	A
	Similar as RLC retransmission based SL RLF, SL RLF can be detected when the conditions of HARQ-based RLF (e.g. maximum number of consecutive DTX) are satisfied, then AS layer will inform the upper layer that RLF is detected.

	Nokia
	A
	No need to interact with upper layers. AS layer can trigger RLF by itself.

	Intel
	C
	As we have commented in the previous question, we share Ericsson’s view that use of HARQ feedback based RLM/RLF when keep alive singaling is already supported is not needed.

	Interdigital
	A
	We think A is preferable as it is closer aligned with RLC-based approach which is also used at the TX UE.  We agree with Nokia that the AS layer itself can trigger the RLF in this case.

	Convida Wireless
	A
	We feel that the HARQ feedback may be used to declare RLF at the AS layer. The AS layer may then send an indication to the upper layer about the RLF condition.

	MediaTek
	A
	In RAN2#105, we agree that “If SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached.” We think similar model could be applied to HARQ feedback based RLF detection, i.e., in case RLF is detected via HARQ feedback reception/absense, AS layer trigger RLF and send indication to the upper layer.

	Apple
	C
	We think the AS layer needs to provide a negagtive indication to V2X layer to trigger keep-alive.

	ZTE
	A
	We think A is enough. Once the RLF is declared, AS layer may send RLF indication to the upper layer. 

	Lenovo & Motorola Mobility
	A
	RLM monitoring and consequently triggering RLF was the reason where all the discussion between RAN1 and RAN2 started. RLF triggering would provide a basis in V2X similar to Uu interface.



The questions in sections 2.2 and 2.3 address the details of A) and B) in Q5 respectively.

Summary of questions 4 and 5:
Of the 15 companies that answered the question:
· 10 companies (CATT, Futurewei, LG, Huawei, Nokia, Interdigital, Convida Wireless, Mediatek, ZTE, Lenovo & Motorola Mobility) feel there is an advantage of utilizing HARQ feedback in link maintenance.  These same companies all prefer option A in question 5 (AS layer triggering RLF based on HARQ feedback).
· 4 companies (Ericsson, QC, Intel, Apple) prefer to rely only on keep alive signaling at the TX UE
· 1 company (OPPO) prefers not to use HARQ based RLF, but thinks the TX UE cannot trigger keep alive signaling.
From the responses, there seems to be a majority of companies in support of a HARQ-based RLF at the TX UE.  Rapporteur suggests the following proposal:

Proposal 2: HARQ-based RLF is supported at the TX UE.
 

[bookmark: _Ref30424674]Link Maintenance at the TX UE using HARQ-based RLF
For SL RLM/RLF, RAN1 agreed that there would be no IS/OOS indications to upper layer from the physical layer.  Instead, RLF determination can be based on HARQ feedback status at the TX UE.  As indicated by RAN1, HARQ feedback status (ACK/NACK/DTX) for each transmission is available at the MAC layer.
Lack of RLC status from the peer UE (and the need to retransmit at RLC) is used as the failure status in RLC-based RLF trigger.  For HARQ-based RLF trigger, what failure status should be used was discussed in a number of RAN2 contributions [7][8][9][10][11][12][13]. 
One way would be to use DTX as the failure status.  Specifically, RLF may be a consequence of the TX UE regularly experiencing DTX for the HARQ feedback associated with its transmissions.  On the other hand, as long as a UE always receives either ACK or NACK to a transmission associated with a unicast link, the UE does not trigger RLF.  
Alternatively, NACK can be used (possibly in addition to DTX) to indicate a failure of the unicast link.  In this case, RLF may be a consequence of regularly receiving NACK to a HARQ based transmission.
DTX status occurs when the RX UE does not receive the PSCCH, or the TX UE is not able to receive the PSFCH.  NACK, instead, occurs when the RX UE is able to receive PSCCH, but is unable to decode PSSCH (possibly due to incorrect MCS selected for the data).  DTX is therefore more closely related to SL control channel decoding and would result in a failure status that is more similar to the OOS measure in Uu.  On the other hand, using NACK in addition may provide the TX UE more information to use in deciding how to trigger RLF.     
Question 6: What HARQ status should be used to indicate a failure in HARQ-based RLF? 
A) DTX only
B) NACK only
C) DTX + NACK 
	Company
	Response
	Comments

	CATT
	A
	We think DTX is more similar to the OOS measure in Uu. ACK and NACK are more similar to the IS measure in Uu.

	Ericsson
	None
	We think that HARQ-based RLF should not be supported.

	Futurewei
	A
	DTX would better reflect the issue of peer UE moving out of range, which should be the focus at this stage.

	Qualcomm
	N/A
	Per responses to above questions, at this time we do not see strong reason to pursue this approach.

	LG
	A
	But, C is also fine.

	Huawei
	A
	DTX means that the SCI is not decoded successfully, given that the MCS used for SCI is very low, if the SCI cannot be decoded, it means the channel quality is very poor, obviously, the radio link can be regarded as failure if consecutive DTX is detected.

	Nokia
	A
	It does not make sense to assume that correctly received NACK is a basis for declaring RLF. Thus, only DTX shall be considered.

	Intel
	N/A
	Agree with Ericsson and QC

	Interdigital
	A
	NACK may be an indication of improperly set MCS at the transmitter.  In this case, the SCI is still decoded, and so it does not necessarily imply the channel is bad.

	Convida Wireless
	A
	We agree that the DTX is a better measure of the link quality. However, in certain conditions, the UE may also use NACK as an indication of poor link quality. 

	MediaTek
	A or C
	We share same view from Convida. In some cases, consecutive NACKs may be considered as an indicator of pool link quality.

	Apple
	See comment
	We believe DTX-alone is not a reliable indication of quality because it could be a false alarm. The RX UE may not be able to transmit PSFCH due to its engagement with a high-priority transmission, or due to half-duplex. So, it is not proper to use DTX to trigger RLF. Also, if UE can receive consecutive NACK, then TX UE probably can adjust its MCS to improve the decoding probability, it is not a reason to trigger RLF.

	ZTE
	C
	DTX and NACK may be used together to detect link failure.

	Lenovo & Motorola Mobility
	A at least (additionally C)
	The meaning of DTX is from the Rx side (Rx UE did not transmit any HARQ feedback) i.e. DRX at the transmitter UE. While “Nack” represents that PSSCH was not successfully decoded, at least PSCCH reception is confirmed; so, we need to be careful about using “Nack(s)” – how many, in what time-frame etc.



Summary of Question 6:
Of the 10 companies that provided a preference in this question (same as the companies that support HARQ-based RLF in questions 5 and 6), 9 companies supported at least option A, while one company supported option C.  Rapporteur suggestion is to follow the majority:

Proposal 3: DTX represents failure indication for the HARQ-based RLF mechanism at the TX UE.

Another aspect addressed by contributions is how RLF is triggered based on the occurance of this failure status.  If Uu principles are followed, RLF can either be modeled similar to RLC failure (i.e. the maximum number of retransmissions is reached), or RLM/RLF (i.e. RLF following expiry of a timer similar to T310).
If RLF is modeled similar to RLC failure, the TX UE can trigger RLF when the UE receives a maximum number of consecutive HARQ failure statuses (based on what HARQ failure status is agreed in Q6).  On the other hand, if RLF is modeled similar to Uu RLM/RLF, reception of HARQ failure status can be considered similar to reception of an OOS indication from the PHY layer.  In this case, the UE starts a recovery timer (T310) upon reception of a number of consecutive HARQ failure statuses.  When the timer expires, the UE triggers RLF.  
With either model, the UE counts the number of consecutive HARQ failure statuses received as part of RLF determination.  It is then clear that the main difference between the two models discussed above is the presence of a recovery period.  
Recovery can occur while T310 is running based on some recovery event defined in terms of HARQ status not corresponding to success (e.g. ACK and/or NACK). Recovery in Uu-based RLM/RLF is used to avoid pre-mature triggering of RLF as a result of temporary link problems (e.g. due to fading).  Using an RLC-failure-like approach for SL (i.e. declare RLF immediately following a consecutive number of received HARQ failure status) does not allow for such recovery period.  On the other hand, it can it can lead to a much simpler approach for HARQ based RLF.    
Question 7: Which of the following is sufficient for RLF determination?
A) RLF is declared immediately when the number of consecutive received HARQ failure statuses (in Q6) reaches a maximum number
B) A recovery timer (T310-like) is started when the number of consecutive received HARQ failure statuses (in Q6) reaches a maximum number.  The UE declares RLF when T310-like timer expires.    
	Company
	Response
	Comments

	CATT
	B
	As mentioned by Rapporteur, The option B can have a recovery procedure, which is similar as in Uu-based RLM/RLF, to avoid pre-mature triggering of RLF as a result of temporary link problems (e.g. due to fading). Thus the option B is preferred.

	Ericsson
	None
	We think that HARQ-based RLF should not be supported.

	Futurewei
	B
	Unlike RLC failure indication, HARQ indication occurs in much shorter time scale, which can be impacted by fading or temporary blocking. Hence, a recovery timer can be used to prevent pre-mature declaration of RLF.

	Qualcomm
	
	See answer to Q6

	LG
	A
	Simple mechanism seems enough. We think that this question is only applicable when the answer to Q5 is A.

	Huawei
	A
	Similar as RLC based SL RLF, RLF can be declared immediately when the maximum number of consecutive DTX is reached.

	Nokia
	A
	It takes sufficient time to detect the number of consecutive DTXs, so no need to extend the mechanism further with a timer. 

	Intel
	N/A
	Same view as above

	Interdigital
	A
	We also agree that a simple approach should be sufficient.  Use of a recovery timer is used for IS/OOS based determination of RLF, but may not be needed for HARQ feedback-based.

	Convida Wireless
	A
	We feel that this should be based on the number of consecutive received HARQ failure statuses reaching a maximum number

	MediaTek
	A
	We prefer simple approach as well. Besides, A) is aligned with RLC retransmission based SL RLF detection. 

	Apple
	
	See answer to Q6

	ZTE
	B
	We think recovery timer is necessary to alleviate the impact of temporary poor channel condition.

	Lenovo & Motorola Mobility
	B
	The modelling should be as close to Uu as possible.



Summary of Question 7:
· Of the 10 companies which provided a preference in this question (same as companies supporting HARQ-based RLF), majority of them (6 out of 10) preferred option A (LG, Huawei, Nokia, Interdigital, Convida Wireless, Mediatek) – RLF is declared immediately when the number of consecutive HARQ failure statuses reaches a maximum. 
· 2 companies (Intel, Ericsson) re-iterated their view in Question 4 and 5. 
In considering the companies that support HARQ-based RLF, there is a significant majority aligned in the solution, and rapporteur therefore suggests the following proposal:

Proposal 4: TX UE declares RLF when the number of consecutive received HARQ failure indications (DTXs) reaches a maximum value.



If a recovery like timer approach is preferred (Q7-B), the recovery conditions needs to be further defined.  If Uu RLM/RLF is followed, the UE can stop the T310-like timer when it receives a number of consecutive HARQ non-failure statuses.  This would seem to be the most logical solution.  
Question 8: If RLF based on a recovery like timer (T310-like) is preferred for HARQ-based RLF, when can the UE stop the recovery timer?
A) When the UE receives one or more consecutive HARQ non-failure statuses
B) Other?
	Company
	Response
	Comments

	CATT
	A
	Following the Uu RLM/RLF mechanism is preferred.

	Ericsson
	None
	We think that HARQ-based RLF should not be supported.

	Futurewei
	A
	SL RLF detection is mainly to detect that the peer UE has been out of range.

	Qualcomm
	
	See answer to Q6

	Nokia
	
	No need for the timer.

	Intel
	N/A
	We don’t think any timer based mechanism is needed.

	Apple
	
	We do not think RLF can be triggered solely based on HARQ feedback.

	ZTE
	A
	

	Lenovo & Motorola Mobility
	A
	



Summary of Question 8:
Given the majority in question 7, rapporteur believes this question is no longer relevant.


If HARQ-based RLF can be used at the TX UE (i.e. the network configures HARQ for at least one bearer associated with the unicast link), transmission of the keep alive signal by upper layers is not needed for this unicast link at the TX UE.  Instead, the upper layers can release the link based entirely on RLF trigger by the AS layer.  Informing upper layers of this would help to achieve the minimization of keep alive signaling targeted by SA2 by having keep alive transmissions limited to unicast links where HARQ-based RLF is not configured. 
Question 9: If HARQ-based RLF is specified, should a UE inform upper layers that it has HARQ-based RLF is enabled/configured?
	Company
	Response
	Comments

	CATT
	See comments
	To inform upper layer is beneficial to minimize the keep alive signaling overhead. But we think this is relied on SA2 decision. We may send LS to check SA2 view on this.

	Ericsson
	None
	We think that HARQ-based RLF should not be supported.

	Futurewei
	See comments
	When AS layer detects SL RLF by HARQ feedback based scheme, AS layer can inform V2X layer the loss of sidelink connection.
RAN2 can inform SA2 the availability of TX based RLF detection based on HARQ feedback, if it is agreed. Configuration of HARQ based RLF can be done at AS layer, and there doesn’t seem to be strong reason to inform it to upper layer.
TX based RLF detection at AS layer and keep-alive procedure at V2X layer can be configured and operated independently.

	Qualcomm
	
	See answer to Q6

	LG
	No
	We assume that upper layer does not need to know whether HARQ based SL RLM is used. That is, only if HARQ ACK is received, MAC informs upper layer about successful reception as an input to the keep-alive procedure for re-starting the timer. If HARQ NACK is received or HARQ DTX is detected, no indication is provided to upper layer, so that upper layer would just keep running the timer related to the keep-alive procedure.

	Huawei
	No
	If SL RLF is detected at AS layer, the AS layer will inform upper layer that RLF is detected, there is no need to differentiate the trigger(i.e. RLC based or HARQ based) of SL RLF in AS layer.

	Nokia
	Not necessarily
	We wonder if just the existence of HARQ based RLF is sufficient for the upper layers to e.g. determine the keep-alive messages can be skipped or suspended. We share what Huawei indicated (scheme used at AS layer for determining RLF is likely not of upper layers’ particular interest). Even if HARQ-based RLF is enabled/configured in principle, it may not be the case that it can be used for all transmissions. E.g. sometimes there'll be a TX/RX overlap, where the UE would have to both transmit and receive PSFCH at the same time; depending on priority of the associated transmissions the UE may have to perform PSFCH TX, hence cannot receive the peer UE's HARQ feedback. In that case, HARQ feedback cannot be used for link monitoring in this instance, since the UE simply does not know what HARQ feedback it would have received from the peer UE if it had been able to receive.

	Interdigital
	No
	While this has some benefits in avoiding some transmissions of keep alive signal, it would be preferable to keep the two procedures independent, as would be the case with RLC-based procedure.

	Convida Wireless
	See Comments
	We see that the 2 procedures can be complimentary. Please see the response to Question 1.

	MediaTek
	See Comments
	It depends on whether upper layer will perform action based on the information (i.e. whether SL RLF is triggered by HARQ feedback). We slightly prefer to decouple the handling of keep alive message and HARQ feedback based RLF.

	Apple
	
	We do not think RLF can be triggered solely based on HARQ feedback.

	ZTE
	No
	It is suggest to keep independent design of keep alive mechanism and RLF detection.

	Lenovo & Motorola Mobility
	See Comments
	First of all, we in RAN 2 need to decide if such a feature will be (pre)configurable or will be in use if specified. And then we can let SA2 know that we are specifying the HARQ feedback based keep alive procedure and check for their opinion.



Summary of question 9:
13 companies provided views to the this question, of which 3 companies re-iterated their views from previous questions.  The other 9 companies all thought there was no need for the UE to inform upper layers about whether HARQ-based RLF is enabled or not, and the current interaction between RLF based on RLC and upper layers can also be adopted for HARQ-based RLF.  Rapporteur suggests the following proposal:
Proposal 5: Upon RLF triggered due to number of consecutive DTX reaches a maximum number, the UE follows the same actions as specified for the SL RLC failure. 

[bookmark: _Ref30424680]Link Maintenance at the TX UE by forwarding HARQ information to upper layers
Similar to discussion in Q1 for the RX UE, informing upper layers of HARQ feedback status would could avoid unnecessary transmission of the keep alive signal (e.g. by resetting the keep alive timer).  RAN2 would therefore need to discuss what information to be provided to upper layers in this case.  What constitutes a successful HARQ feedback status (ACK or ACK/NACK) should be discussed.  In addition, similar to data reception at the RX UE, individual reception of HARQ feedback can be indicated to upper layers.  However, providing the information periodically instead would avoid excessive inter-layer interaction.
Question 10: What information can be provided to upper layers to control triggering/cancellation of the keep alive procedure at the TX UE?
A) UE informs upper layers each time it receives ACK associated to a unicast link 
B) UE informs upper layers each time it receives ACK or NACK associated to a unicast link 
C) UE informs upper layers whether/when at least one ACK associated to a unicast link is received over a period of time
D) UE informs upper layers whether/when at least one ACK or NACK associated to a unicast link is received over a period of time
E) Other
	Company
	Response
	Comments

	CATT
	See comments
	We prefer to use HARQ-based RLF mechanism. See our comments in Q5.

	Ericsson
	None
	We think that HARQ-based RLF should not be supported.

	Futurewei
	None
	TX based RLF detection at AS layer and keep-alive procedure at V2X layer can be specified and configured independently. And it may happen to be the case that AS layer RLF detection is done at TX side, and V2X layer RLF detection is done at RX side.

	LG
	A
	Only if HARQ ACK is received, MAC informs upper layer about successful reception as an input to the keep-alive procedure for re-starting the timer. If HARQ NACK is received or HARQ DTX is detected, no indication is provided to upper layer, so that upper layer would just keep running the timer related to the keep-alive procedure.

	Huawei
	None
	To our understanding, AS based RLF is independent of keep alive mechanism, they can be perfomed independently.

	Nokia
	
	Options A-D appears to be excessive in terms of signaling overhead between AS and upper layers. Thus, it would be better to stick to the indication discussed in Q9 (if agreed), even if it does not always serve the purpose.

	Interdigital
	None
	We prefer HARQ-based RLF, as indicated in Q5.

	MediaTek
	None
	We prefer HARQ-based RLF, as we indicated in Q5.

	Apple
	Physical layer problems
	Positive indicaitons of good link quality are abundant as discussed in Q1. What HARQ can help is to identify physical layer problems and incaite to V2X layer to trigger a link sanity check, 

	ZTE
	None
	

	Lenovo & Motorola Mobility
	E
	As indicated in the previous response, we can check with SA2 if an upper layer Keep Alive procedure would still be required in their opinion.



Summary of Question 11:
Of the 10 companies that responded to this question, one company suggested to provide indication to upper layers to initiate transmission of the keep alive message.  Another company selected option A (provide ACK to upper layers to reset keep alive timer).  The other 8 companies preferred to not provide any indication to upper layers at the TX UE for control of the keep alive timer, or to let SA2 decide.  Rapporteur suggests to go with the majority and not specify any UE behavior for this case.

  
[bookmark: _Ref30000739]Link Maintenance Parameter Configuration
Regardless of the answers to the questions above, any link maintenance functionality at the AS layer may need to be configured at the AS layer.  For example, if HARQ-based RLF (section 2.2) is preferred, a maximum number of consecutive HARQ failure statuses would need to be configured.  If forwarding of HARQ status is instead preferred (section 2.3), it may require configuring the periodicity with which upper layers is informed of HARQ feedback.  At the RX UE, similar periodicity for informing upper layers about data transmission may also be needed depending on the response to Q1.  
Question 11: What link maintenance parameters should be configured at the AS layer? (please provide details in the comments) 
	Company
	Response
	Comments

	OPPO
	
	Except for indication from AS layer, nothing new need be introduced, hence no new parameter is needed. Note parameter “sl-MaxRetxThreshold-r16” is already captured in the RRC running CR.

	CATT
	
	If HARQ-based RLF (section 2.2) is agreed to be supported, following Uu RLF procedure, at least a recovery timer (similar to T310), a maximum number of consecutive HARQ failure statuses (similar to n310) and a maximum number of consecutive HARQ non-failure statuses (similar to n311) need to be configured to the Tx UE.
For Rx UE, no parameter needs to be configured.

	Ericsson
	SL-rlc-MaxNumRetx
	To support RLC failure based RLF, UE should be configured with a SL-rlc-MaxNumRetx similar as in Uu. This field should be part of the SRLB configuration.

	Futurewei
	
	For V2X layer keep-alive procedure, expected time interval to receive at least one SCI transmission;
For AS layer HARQ feedback based procedure, T310/N310/N311 like parameters for recovery timer, consecutive DTX, and ACK/NAK feedback, respectively.

	Qualcomm
	
	Agree with OPPO

	LG
	See comments
	TX UE detects N % HARQ failures in a period. Thus, the length of the period and N % can configured.

	Huawei
	
	Besides the maximum number of RLC retransmission which has already captured in the RRC running CR, maximum number of consecutive DTX should also be defined if HARQ based RLF is agreed.

	Nokia
	
	The number of consecutive DTXs for HARQ and the max number of RLC ReTx.

	Intel
	
	Besides the maximum number of RLC retransmissions to declare RLF (which is already captured in RRC), we do not think any other parameter is required for RX UE since we think the indication to upper layer itself be internal UE implementation (as we commented in Q1).

	Interdigital
	
	Same view as Huawei and Nokia.

	Convida Wireless
	See Comments
	For RLC based RLF, UE needs to be configured with the maximum number of RLC retransmission
For HARQ based RLF, UE needs to be configured with the number of consecutive DTXs. 

	MediaTek
	
	· For RLC based RLF: the maximum number of RLC retransmission 
· For HARQ feedback based RLF: 
· consecutive DTXs or ratio of DTXs in a given period 

	Apple
	
	· We do not want to define RLF triggers in AS layer based on HARQ, If such a HARQ-based threshold is defined, it can only be used to trigger keep-alive by TX UE because we need to use keep-alvie to verify whether the link is still alive. 

	ZTE
	
	We think the following parameters might be considered:
The maximum number of RLC retransmissions,
Time similar to T310 for SL RLC declaration,
The number of consecutive HARQ NACK/DTXs,
The number of consective HARQ ACK

	Lenovo & Motorola Mobility
	
	We think the following parameters might be considered:
Timer value similar to T310 and T311 for SL RLC declaration,
The maximum number of RLC retransmissions



Summary of Q11:
Of the 15 companies which provided views to this question:
· 10 companies indicated that the maximum number of RLC retransmissions (for RLC-RLF) is needed.  However, as mentioned by some companies, this in included in the running CR already and a proposal is not needed here
· 10 companies indicated that a number of HARQ failures should be configured by the AS layer
· 4 companies indicated the need for number of consecutive HARQ non-failure statuses and a recovery timer
· 1 company indicated the need for a time interval for SCI reception to be used with keep alive mechanism. 

Given the inputs to this question are highly correlated to the answers in questions 1 and 7, rapporteur proposes the following to be consistent with the proposal from these questions.

Proposal 6: UE is configured with a maximum consecutive number of DTX that triggers RLF.

 
Regardless of the mechanism selected, it would seem that any link maintenance parameter configured at one UE does not need to be communicated to the peer UE.  Clearly if one UE terminates a unicast link the other UE will also terminate that link shortly thereafter due to the absence of any response from the peer to unicast transmissions.  It would then seem that the link maintenance mechanism can be configured at one UE only (TX UE or RX UE), without any impact on the peer UE, and there does not seem to be a need to exchange this configuration via PC5-RRC.  
Question 12: Do you agree that link maintenance parameters in Q11 do not need to be exchanged in PC5-RRC signaling for a unicast link?
	Company
	Response
	Comments

	OPPO
	
	For us, no additional parameter is foreseen for keep alive scheme

	CATT
	Yes
	

	Ericsson
	Yes
	This it should TX only paramenter in the SRLB configuration.

	Futurewei
	Yes
	Agree with Rapporteur’s analysis.

	Qualcomm
	Yes
	

	LG
	Yes
	The parameters is only used for TX UE.

	Huawei
	
	

	Nokia
	Yes
	No need to exchange it over PC5-RRC.

	Intel
	
	No new parameter to be defined.

	Interdigital
	Yes
	

	Convida Wireless
	Yes
	

	MediaTek
	Yes
	

	Apple
	Yes
	If this parmater is defined, it is TX_only. 

	ZTE
	Yes
	

	Lenovo & Motorola Mobility
	Yes
	




Summary of question 12
The majority of companies (12 out of 15) which responded to the question agreed that link maintenance parameters from Q11 do not need to be exchanged in PC5-RRC signaling.

Proposal 7: The maximum consecutive number of DTX triggering RLF is not exchanged in PC5-RRC.

As for how the parameters are configured at a UE, it would seem natural to follow the same rules as the SLRB configuration, and pool configuration.  If this is the case, link maintenance parameters can be configured differently for CONNECTED, IDLE/INACTIVE, and OOC.  Furthermore, the UE in CONNECTED would obtain its link maintenance configuration parameters from dedicated signaling, the UE in IDLE/INACTIVE obtains its link maintenance configuration parameters from SIB, and the UE in OOC obtains its link maintenance configuration parameters from preconfiguration.  

Question 13: Do you agree to separate link maintenance configuration for CONNECTED, IDLE/INACTIVE, and OOC UEs?
	Company
	Response
	Comments

	CATT
	Yes
	Follow the same rule as the previous agreements.

	Ericsson
	Yes
	We can simply follow the same rules as SLRB configuration and pool configuration.

	Futurewei
	Yes
	It can follow the common practice of RRC configuration of SL.

	Qualcomm
	Yes
	

	LG
	Yes
	The same principle as in SLRB configuration can be applied.

	Huawei
	Yes
	

	Nokia
	Yes
	Agree with Ericsson. Connected mode UEs can also follow what is given in the SIB, if no dedicated configuration provided by the NW. 

	Interdigital
	Yes
	Same rules as SLRB and pool configuration should be used.

	Convida Wireless
	Yes
	We have no strong opinion. A single configuration may be easier, but a separate configuration may provide extra flexibility.

	MediaTek
	Yes
	

	ZTE
	Yes
	

	Lenovo & Motorola Mobility
	Yes
	




Question 14: If the answer to Q13 is yes, do you agree that RLF parameter configuration should be:
· Obtained from dedicated signaling for RRC_CONNECTED UEs
· Obtained from SIB for RRC_IDLE/RRC_INACTIVE UEs
· Obtained from (pre)configuration for OOC UEs
	Company
	Response
	Comments

	CATT
	Yes
	

	Ericsson
	Yes
	

	Futurewei
	Yes
	It can follow the common practice of RRC configuration of SL.

	Qualcomm
	Yes
	

	LG
	Yes
	

	Huawei
	Yes
	

	Nokia
	In general yes
	But also the comment we gave for Q13 can be considered. 

	Interdigital
	Yes
	Same rules as SLRB configuration can be followed.

	Convida Wireless
	Yes
	

	MediaTek
	Yes
	

	ZTE
	Yes
	

	Lenovo & Motorola Mobility
	Yes
	



If the assumptions in Q13 and Q14 are agreeable, a UE which performs a state transition will change its link maintenance parameters to those configured in the new state.  To avoid unnecessary complexity in the link maintenance procedures at the UE, the UE can simply reset all counters and timers (as per the relevant selected solution in Q1 and Q5) when the UE receives a new RLF parameter configuration due to a state transition.  The same behavior can be used for the case when the UE is reconfigured while in the same state (e.g. by RRC dedicated signaling while in CONNECTED mode, or change in SIB).  
Question 15: Do you agree that all relevant link maintenance timers/constants are reset when the UE receives a new link maintenance configuration (including during changes in RRC state/converage).  
	Company
	Response
	Comments

	CATT
	Yes
	It’s simple to follow the previous agreements as other configuration behaviours.

	Ericsson
	Yes
	Every time the UE receives a new SRLB configuration, all the relevant timers and constants should be reset or configured with the new values received.

	Futurewei
	Yes
	It can follow the common practice of RRC configuration of SL.

	Qualcomm
	Yes
	

	LG
	Yes
	

	Huawei
	Yes
	

	Nokia
	Yes
	Seems to be straightforward.

	Interdigital
	Yes
	This is consistent wth Uu RLF behavior.

	Convida Wireless
	Yes
	

	MediaTek
	Yes
	

	ZTE
	Yes
	

	Lenovo & Motorola Mobility
	Yes
	




Summary of Question 13, 14, 15:
All 12 companies responding (out of 15 companies participating in the email) agreed to the statements in these three questions.  Rapporteur therefore suggests the following proposals:

Proposal 8: The maximum consecutive number of DTX triggering RLF can be configured separately for CONNECTED, IDLE/INACTIVE, and OOC, and is obtained similar to configuration of SLRB parameters:
· Dedicated signaling for RRC_CONNECTED UEs
· SIB for RRC_IDLE/RRC_INACTIVE UEs
· Preconfiguration for OOC UEs.
Proposal 9: UE resets the count of number of consecutive DTX when the UE changes RRC state/coverage and/or receives a new configuration of the maximum number of consecutive DTX triggering RLF.

Whether NW configuration of the link maintenance parameters depends on other factors at the AS layer should also be discussed.  For example, if HARQ-based RLF is specified, RLF trigger may be more aggressive (e.g. trigger RLF more quickly) for unicast links having more stringent QoS requirements so that the upper layers can take corrective action (e.g. switch to Uu, inform application) more quickly.  This can be achived by configuring the RLF parameters per SLRB.  
Whether CBR has any impacts on the ideal link maintenance parameters also needs consideration.  Under large congestion, the TX UE may not receive the HARQ feedback due to half-duplex problem or collision/prioritization at either the TX or RX UE.  This may affect, for example, whether/how upper layers are informed of the reception of HARQ feedback.         
Question 16: How should link maintenance parameters be further configured to a UE? (please provide as much details as possible for any dependence below)
a) Each SLRB can be configured with distinct link maintenance configuration 
b) Link maintenance configuration parameters can depend on the measured CBR
c) Others
	Company
	Response
	Commentsar

	CATT
	See comments
	To simplify the procedure, we think for CONNECTED UE and OOC UE, the configurarion can based on UE specific. For IDLE and INACTIVE UE, the parameters, which are configured by SIB, can configured per cell level. Thus, there will be no necessary to further study the dependence as this Q16.

	Ericsson
	a)
	For SL-rlc-MaxNumRetx, it should be configured in a per SLRB manner similar as in Uu.

	Futurewei
	C)
	For V2X layer keep-alive procedure and AS layer HARQ feedback based procedure, parameters are configured and applicable to a PC5 unicast connection.
The values of those parameters may be common in a cell for Idle/Inactive UE, as they are broadcast in SIB.

	LG
	a)
	

	Huawei
	See comments
	For the maximum number of RLC retransmission which has already captured in the RRC running CR, it is configured in a per SLRB manner.
For the HARQ based RLF, there is no need to configure it with per SLRB manner, since the HARQ feedback is for per SRC-DST pair, we share the same view with CATT that for CONNECTED UE and OOC UE, the configurarion can be UE specific, while for IDLE and INACTIVE UE, the configuration is per cell level.

	Nokia
	c) 
	Agree with Futurewei, RLM parameters should be SL unicast connection specific, no per SLRB. Those should not be bundled with CBR either. 

	Interdigital
	See comments
	Agree with comments from Huawei.  For HARQ-based RLF parameters, the mechanism is applied at the MAC layer and should not be SLRB specific. 

	Convida Wireless
	A) & C)
	We feel that the link maintenance parameters should be configured in a per SLRB manner (including the RLC based parameters and the HARQ based parameters). 
However, the HARQ based parameters may also be configured on a per SL unicast connection (as any traffic from a peer UE, regardless the SLRB carrying this traffic, reflects the status of the link between the UE and the peer UE)

	MediaTek
	
	Agree with Huawei. Since HARQ feedback is for per SRC-DST pair , HARQ-based RLF parameters should be SL unicat connection specific.

	Apple
	
	For RLC-based RLF threshold, it has to be part of SL-rlc-config associafed with each SLRB. For HARQ-based parameter, this has to be per-UE. (However, we do not think HARQ-based RLF is justified). 

	ZTE
	C
	For the HARQ based RLF detection, the relevant configuration should be per PC5 link instead of SLRB.
For the CBR which indicates the congestion level, we think the radio link quality is independent from the congestion level. The overloaded sidelink resource pool does not mean the radio link quality is bad between two unicast V2X UEs. RLF should not be impacted by congestion. 

	Lenovo & Motorola Mobility
	
	Agree with ZTE comments.



Summary of question 16:
· Companies providing inputs to RLC max number of retransmissions (3 companies) – this parameter is already SLRB specific in the running RRC CR 
· Companies providing inputs to the HARQ RLF parameters (10 companies) – 9 of these 10 companies indicated that this configuration should be UE specific or per link (for CONNECTED and OOC) and cell specific (for IDLE/INACTIVE)
· One company provided inputs to the keep alive related timer in the AS layer, and indicated it should be specific to the unicast link.
Based on these inputs, rapporteur suggests the following proposal:

Proposal 10: The maximum consecutive number of DTX triggering RLF can be configured per UE (in dedicated configuration and preconfiguration) or per cell (in SIB).

Given the scope of the email discussion, rapporteur will also prepared a text proposal for adoption at the next RAN2 meeting.

Proposal 11: Adopt the text proposal in R2-191xxxx.


        

Conclusion
Based on the discussion in the previous sections we propose the following:

Proposal 1: RAN2 does not introduce any explicit indication to upper layers to reset the upper layer keep-alive timer.
Proposal 2: HARQ-based RLF is supported at the TX UE.

Proposal 3: DTX represents failure indication for the HARQ-based RLF mechanism at the TX UE.

Proposal 4: TX UE declares RLF when the number of consecutive received HARQ failure indications (DTXs) reaches a maximum value.

Proposal 5: Upon RLF triggered due to number of consecutive DTX reaches a maximum number, the UE follows the same actions as specified for the SL RLC failure. 

Proposal 6: UE is configured with a maximum consecutive number of DTX that triggers RLF.

Proposal 7: The maximum consecutive number of DTX triggering RLF is not exchanged in PC5-RRC.

Proposal 8: The maximum consecutive number of DTX triggering RLF can be configured separately for CONNECTED, IDLE/INACTIVE, and OOC, and is obtained similar to configuration of SLRB parameters:
· Dedicated signaling for RRC_CONNECTED UEs
· SIB for RRC_IDLE/RRC_INACTIVE UEs
· Preconfiguration for OOC UEs.

Proposal 9: UE resets the count of number of consecutive DTX when the UE changes RRC state/coverage and/or receives a new configuration of the maximum number of consecutive DTX triggering RLF.

Proposal 10: The maximum consecutive number of DTX triggering RLF can be configured per UE (in dedicated configuration and preconfiguration) or per cell (in SIB).

Proposal 11: Adopt the text proposal in R2-191xxxx.
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Appendix 1 – ProSe Keep Alive Procedure (24.334)
[image: ]
	20/22	
image1.emf
UE-1

1. Keep-alive

2. Keep-alive Ack

UE-2

0. Unicast link 


Microsoft_Visio_2003-2010_Drawing.vsd
UE-1


1. Keep-alive


2. Keep-alive Ack


UE-2


0. Unicast link 



image2.emf
10.4 .3   Direct link keepalive procedure    10.4 .3.1   General   The direct link keepalive procedure is used to maintain the direct link between two ProSe - enabled UEs, i.e., check that  the link between the two UEs is still viable.  The proc edure can be initiated by only one UE or both of the  UEs in the  established direct link . If the direct link is used for one - to - one communication between a remote UE and a ProSe UE - to - network relay UE, only the remote UE shall initiate the link keepalive pr ocedure.   In this procedure, the UE sending the DIRECT_COMMUNICATION_KEEPALIVE message is called the "requesting  UE" and the other UE is called the "peer UE".   10.4 .3.2   Direct link keepalive procedure initiation by the requesting UE   The requesting UE manages   a keepalive timer T4102 and a keepalive counter for this procedure. The keepalive timer  T4102 is used to trigger the periodic initiation of the procedure. It is started or restarted whenever the UE receives a  PC5 Signalling message or PC5 user plane data  from the peer UE over this link. The keepalive counter is set to an  initial value of zero after link establishment.   The requesting UE may initiate the procedure if:   -   a request from upper layers to check the viability of the direct link is received; or    -   the keepalive timer T4102 for this link expires.   The requesting UE initiates the procedure by stopping timer T4102 if it is still running and generating a  DIRECT_COMMUNICATION_KEEPALIVE message with a Keepalive Counter IE  that contains the value of the  kee palive counter for this link. Optionally, the initiating UE may include a Maximum Inactivity Period IE to indicate  the  maximum inactivity   period   of   the requesting UE over this direct link. When a remote UE sends  DIRECT_COMMUNICATION_KEEPALIVE message to th e ProSe UE - to - network relay UE, this IE shall be included.   After the DIRECT_COMMUNICATION_KEEPALIVE message is generated, the requesting UE shall pass this  message to the lower layers for transmission along with the requesting UE’s Layer 2 ID (for unicast  communication)  and the peer UE's Layer 2 ID (for unicast communication), and start retransmission timer T4101.  
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  Figure  10.4 .3.2.1: Direct link keepalive procedure   10.4 .3.3   Direct link keepalive procedure accepted by the peer UE   Upon receiving a DIRECT_COMMUNICATION_KEEPALIVE message, the peer UE shall respond with a  DIRECT_COMMUNICATION_KEEPALIVE_ACK message including the Keepalive Counter IE set to the same value  as that received in the DIRECT_COMMUNICATION_KEEPALIVE message.   I f a  Maximum Inactivity Period IE  is included in  the  DIRECT_COMMUNICATION_KEEPALIVE message, the peer  UE   shall stop  the  inactivity timer  T4108   if it is running ,   and restart the timer  T4108   with   the value provided   in the IE , If  any communication activity occ ur s in this direct link   before the timer  T4108   expires, the U E shall  stop   the timer  T4108   and reset it with the initial value .   10.4 .3.4   Direct link keepalive procedure completed by the requesting UE   Upon receiving a DIRECT_COMMUNICATION_KEEPALIVE_ACK messa ge, the requesting UE shall stop  retransmission timer T4101, start keepalive timer T4102 and  increment the keepalive counter for this link.   


